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i 

synthesis of supewxwduciis'g magnesium d1bor1dk objects 



FIELD OP THE INVENTION 

10003) The pnacm amcafion pdaageaenPy to a qpqo o ed uct t vfty^aad mere p aric c My 
rebates to a method of OTTTiftrTrrringwpOTa 



BACKGROUND OF THE INVENTION 

10002] The Mcctf diacovoy of gpr rondoetrrity m nagneshm ffibocide CMgBg) having 
a irTfj*T' ooda tim trwiwit'ff* 1 teBBpoia tuM fTjJ^f p^^p)uin^* r ^ y t f"^ f depots Kdww C35 

fixmohtauL ^I g B 2 lM»T s th^bhi^V*Wtf»6ctw'aft»o<rf«ny tawro iw>-oxide 
. McwcrasoSs of flic baroa ix*ope cCcct in MgB^, whicfc b 




S of fee 

upper critical ficJd, U^CD. GnraodyiLjmc cdrirel Sdd. Hd(T>, tod &c cxfckal cenrat. 
J m CKfidSe Cat MgBi fa a gjc-fl s n p i n ooda i tea waft jsopeme* flat ceooanstoflt wih aa 
inter imjciLOtductog ttm fan » T« of ^yim ^ j iniMtnlj f 40 K_ 

[0003] II is bclxrrcd thai M&B^ v» a process of dxCuiioe of rrogntthed (M£) 
vapor into bono grams. Supcgccuductmg -wngc, Upe, aed film oca be mcd £briacon3i«nl 
applied purpura. Forcmnpte. supq i « w Mhrttng wire cm be used for making 

T If TifTm ^ fa** PfT , j.w iM " ' fTflTWiirf^ g T t nT' FSmscaabe 
■ jemctioca. SQCIDS (s u^w udoctrng quantum lumf-iuu oe devices), 
s aod odjcr dcvfcses. The fins can also be used to coal 



BRIEF SUMMARY OF THE INVENTION 

i&co to provide » nas&od of 
. It is a fmfoex object of the faatanr mvec&oa K> 
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{0006) In accordapoe wjthaa anTwxPmwtf otihe insist lEWSSioB^snc&pdcif 

ffljmr i ii*, tape, of film to Mg vspoc fibt a pnadcOaniiHctf tMDoaipd scnpCMtnicXP fata MgBj 
wire, T2pC or Qn% leaaowqylhe ffwmrrf MgBt wire, tape crfihn fnxn fbc Mg vspoc, md 
cfcfacf gja*acfrrag. ifacMgUa wa^tyc or film to act aml*tJiitpi^xjjtuio otqwfJii Jji^ttiC 



tbc reaction vcsscL 

J0007] Tw accBnfaiM e ™^ft> «tt^hhi^ aribodiniCafl of flic w^^wtin^ >qrfiod of 
^rwmfme^mn^ pngiaBixni dthcaid^TMXte > tapeca'fihD «- r ^T^*«^T *V Vr^yr ^) at 
least one bono fihnococ* tape or film and magaaajnna jam * tantahan (Tip ca amfhrfj faen 
inhc wifli otecaA ntagut^si uni wilb respect to MgB^ b) fHU fcftic g the lmalmn from oxalattoa 
(c^, amHag Ta tube in qprrte) ; c) branny The scaled T» tube «1 950 C for two boura or 
less for a bexon fQamesl diameter of 1 00 mknaicoai (with differing heating times and 
aatyoa t— for (fiflfrnmg flactaa m offcOBBB used); d) quochmg die Ta ttibc to room . 

[0008] Giber objrctivts and adva ntag e* of the iuventioo v»i]i bococx more rspparcrtf frcaa 




deactf^M tt serve to fnrplam the principles of the m* r* .i rtn n, la the Arxwlngs: 
[00101 FIO. l^iaaflow da^a afbril hiaauug a Tii tgio ^^ 
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J n&lbist flow <5agxi*nj for flhalralins to ^irrmoc mdbcxJolosy for 
gaauftcpaittg na^pcama dSboride wire; 

PW1TJ FIG. 2a is a aoss-iecdfMul view of a boron Baapott nscd in 3k nrai&ctQring of 
maguaunn dlbaodc wire; 

fOOU) FIG. 2b b • cxDU-sectioQa! view of tnagnesima obodde wire made a accordance 
wifo the teachings of tbe instant ioventJaa; 

(0914} FIG. 3 is an in»£e of m»gn=sianj cEboride wlna made in acconfanre w#jzh the 
t i » Mn gt of the rnvtEirt invcn&oo; 

[00153 Pitt 4ai graphic Dhisnanoo of fee magaetfzati ow divided by an applied 
tie Geld of 25 Oc for a aju field c 



10016] HQ. 5 is * graphical plot HhctrafcEg fee TrTertorrthip between die rVrm'ral 

ir^ J i v^y of megnesnsn dfoende wins cod tsnnxcBtnre; 

[0017} FKj. 6 Is an expanded view of &e resistivity dsla of FIG. 5 war the 

[0018] FIO. 7 i* u g rap hi c jEnscarioo ofHei(T) dztta. inferred torn ff* resisbSiry data 
ssmlar Id that Aown is figure S; and 

[9019] FIO, 8 i* • graphic iDtuiraticm of fix s^iperixroductiAg cridcaJ crarcni denary w a 
fapedeca of an ap pSe d field for tr.rnpn a pnea tanging from 5X to 35K in iucn iaca8 of 5K. 
IM20] While tbe invention will bo described In coamrticio w.f±i oertjtm pixfcntaj 

scope of tbe invention c3 defined by tbe appended rial mi. 



DETAILED DESCRIPTION OF THE INVENTION 

[002]] White tbe ggtzr* tjvnjfroo nay be used to maacfecture magnqi i m dtboride 
OdgBa) objects tech *s MgBi wire, tape, end film, foe instant inveutiou will be described 
using MgBi wire. Tbnsc sksHed in foe ait ariQlfscojpzan that (be process used to make foe 
MfcBr wire can also be used to maie Mg®2 Qm. tape ax any otber fonn or OTOCtare by 
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roilk» or other devices oodd be toned vato MfiBx 
a reaction chamber or vessel (a=p 1CEJ). The 




predetermined tiiae and teo^^ Thrv 

Mfie 

»vrirt 

g f2amcnt d cerat g r god decreases ocjeasmg teoporatum. Far example, • J 00 
imcxoxn^er djacDCtex baroa filament that ti exposed to Mfc vapor heated to or near 930 C for 
approximately two borm forms MgBa wire. A 140, 200, rx 300 inicroaaetar diameter 
gmraeiKixnzg be healed IcqgcrgMtot^ The 
140 and 200 uiiuuiLKlcr diameter!^ 

or near 950 C for peg 6 hours and tfeg 300 ml r jmi tetey fenvtrr ff1»wM>ny fV-n wfrt- m hen • 
apomdtol^ve^beaxea^ott>aa9SQCixvaTlSboajx. Danes fee ixztteg say, 
MgSa we » firmed as a result of the reaction bemeco (be bcnqi Qamcxits ml fte Vfg 
rrpor. Aikr the MfiBj wire has been formed, the MgBj wire Is removed fnxa foe radian 
vend (Step 104). The MfiBi wire hi quenched to near ambieottamjerttoworbcopkdata 

(0022] The »nie proccsj b used foe o&c barcn objects. For cxanrpfcv MjBa Era ire 
created by depositing barm film on a aabatnue inert tp tha Mg vapor mcb f gronrlnro 
rjoMBta. Tbg film j§ d ep osited >^'"g r»*— «f Hrrr depoaclwo or Vihf^ti taetbnds of 
d ep os ition . Once Ac boron fihp n AepoatB deaCmsAst a ^^S^Uf^CKAiKUdbSD*. 

megnnvcgeimileacpo M dlpMg vygfer« p < <i l i.|i l irn Hi frXTprTTftgC For 

caogap<e» aonciniroirnettrtiactbcgOBfitoCatt Saexposedoj Taper beared to or near 
SSOCfiyapfroapaaeh/abalfhoia f-'^TM^i fiha. After the Mg3 2 Eirn b fr'inrd , ttc 
fSm is removed 6om the i r se rk m vaact and ether ipaachcd V) near au£>Lm tmjyc r aa» c or 
js cooled at a predetcrwdliBd ramp rate. 

[0423] Tenant now to figzne iE\tfrrft TY* /r > tnmr ,| fi >c * h * T ' magnesium dfbandc (MgBa) 
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Mgsft- VhJe x pocmial ratio of Mg*B vras mad, those rnkSled m iSg »rt wTTI wr-f^nyy ftat 
odrcra^maybeoserirircrvi^ 

rbeiatio ofM*B b greater ffaaa 13). TocTatDbcSs frenzied in yaatecr acqgwlcat 

woaed tappextfttes (step 112). Tbnsc sSdHcd 
B can be in iT Tie 

sealed Ta tide is placed in a tax furnace at a tu&^rabnof OTCffesnpTOBStfefr^ 
heart (step 114). The Tatnbe is tbmnano^iari cooled^ 

MgBj wlit fbcm» daring the tanyciature scwi c 950 C end the vnrc is itnuyvcd when Sxj T«. 
tube » near team ambient tempensare (step 1 1 8). 

I0tt24) Ttowflafe mwrmfyhn rng procoxeihrebcoo described, ihccbretoijbq of 
the wire froocd ^iH cow he described. Turning now to figures 2a and 2b, the barm 
filatra 200 and MgSjwiie 210 aic shown. bfignre2^acm»4ectoofal>aiDnfil3axal 
2CO h shown. The boctm filacx=a diameter 202 is I0O ^un »nd ii to m tnigaav'tiinEsSni 
bcridc cere 204 having a dLamtitx of apprprlnatcly IS pan. ThptBa gteo / topten bcddh 
care 204 is part of fie boron Same* 200 and does not appear id be cf&ctrdl^tttecxpasiirc 
of the bocoo fi b mart 200 to magnesnrn. Am ASsmsaA hawjabctowj the tungateo/taagslea 
bcridc Pax 204doetllccaeemtDe^to^nnpeacondocting csoperfes of fta ws n ft hn } MgBb 
-wire. Wh3e a 100 am dammar filament wined, h should be racpgnmdtbM other 
diametcri pad bona tape* may be tacd wtfb a^ymyt ialc ehaoges in tmjp ci atm c aad trmr of 
exposure to Mgvapoc rTgme2bshowsacrnss-secbV»afMgBi w 
sups 100-104 or 1 10-118 are taken. In figure 2b, ihe MrB^ win: 210 hw a g3shk*=i 212 of 



appradmatcly ISOunj, The iaoensed tfisaicter ctf the MgBj wire 210 is coremmt wife 
enervations flat Ibere *a an cepwaiop a a tncjated with the fonaanoo of MgBa pgwden 
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{0026) Based upon •<£ame*nr 212 of 1 60 fnaands 
mud MgBj vnc acgDBflO 300, the duauty of the wire if daten n med id bo a 
2.4 j/ca*. Tins H to be coapa cd with a ft e oa b od value of 2-53 %J\u? £xisctgls crystal 
angfe amg taticc p eamctps m°3.14 A and c — 352 A ftrthc fcexagocadonti cell This 
mipSto ifaat flic MgB; wire icyDCBtt300 are pcoCwS^y teo than eppco^jmarrjy 90% of the 
fhmretkxl density. It should bemded that fee grc:H rrxg^xa/Ti.rtyiTraboiridc core yooid 
coxae in es a roughly t0% correct i o n. gpJ tfaotJocra wilhmthctevciof p pe g i t aa fr. 
[D027J Turning now to ttgun? 4»thc ltaapcaatBre-dsp< cJegl inagacsfaatiQii of MjRi whT 
is shown. The datn were taken aa=r (he MgBi "wic segments 300 -were coded in a jeto 
magn e tic field cod thro warned in a field of 25 Oc (pentcdsX Taking into ececiint the 
aspect ratio of the MgBi wte stBinents, a iBiccpdbiIi9i^cJo9e89«'««liiec^«l/^v4Bch 
is the value cspcoed fbrkXii deciding and a oeflpaypeioartn n Eacaa* close to geicy was 
oboincd. The supcicmi du i t i n g tta rmt ioc t rmpem oic (T«) of 39*4 K. o rtrtf 1 1 in acd fiotni 
these cists by nsng an otisct criterion (2% of -1/4*). The witfab of (be- anipentBrc mnrdtioa 
00%-90M)bOL9K. 

E0028) Tcrting bow to figure 5 t (be t Liuf<jaU» o-ciepen d ent dectmal irsgfrYity of Mg3» 
wirr segrrenr* 300 fccood by the process of lbc pracd invention is »bowa. Thcresarrrity. 
p. at room tcmpenmre bio • ^rmhjc o f 9-6 ^rOWcm wbaas p at 77 KcMn b*3 • VBltte of 0-6 
pOtnxtamAp *r 40 KcSin has i vihe of 0JW pOfcm-cnx This leads to a residual 
rosistivnyiaitoofRRR equal to 25J. Thcicngjvity aytrnnTrTahiresjast above T e is lower 
by a taetnx of ten to twenty over eadstmg supcrccodactinj materials snti « KbjSc This 
mean that ihcMgBj wire may nunlftst lean negd to be encased in a relatively bigbcr 
conducting ileeve fruch. » copper) «» requred by mnmab such as NbjSn to keep wfae 
n e aistan oB down in the ewat feat naopcraturo rises above the supc reorirfTirtf ngtra iwiti on 
tanrxntnreof thccarisml bennjioed It sbooldbe noted ibat the shape oftheresUtivity 
carve and the RRK values are qrafln tl vt Jy (he same es the shape end KRR values observed 
forsniferedpeQctsofpotycrystamiie Mg**B* The Jtrsistiviij of tbc sintrjrd pcfld ssmpks of 
pclyoyanllgx: b i^uuXj-xttfr I pOhnwm «t 40 XL This soinewfcal hlgfcsr value of 

the calculated roisfivfr* for the lanicred pdkt simples of poJycrystalEiie Mg^Ba a 
consicrm with the sextezed peBet *Jt>^ »> hzvuig aa acand decsivy s^gxanti'TTy lower ifcaa 
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|0q29} The if Tup" i a aa c-d epc a deo i reaisdvxty flfaonm is Cgtsc 5 cm be fit by a power law 
of p *■ po *v P>*r° with a approximately equal to 2j6 between 6c superconducting cxrrical 
tcgpcrMBrcT^, nd 200 KcHia. Prills c cnaaaibtc to Tbe power law R*»R».*>1U i* 1 .with, 
ct) approxxmsiBly equal Id 2-8, found for fee sintered M£**Bj pellet Samples over • 
c ca ppKiaH e teaup e ial aie range. Due to the stT-iflnrily of the Two power taws, those stilled in 
lbs art will recognize tbet that the resistivity ofMg&i wSJ not have a linear slope its 
tempo nrnr cs between T t and 300 KcMa. On ti» other hand, using an average Fermi velocity 
oft* = 4.8* I0 T csn/i and a carrier density of 6.7- 10° d/co 3 (two fixe cJrctrons per ucit 
ccO^the electronic recap fcespaah it estirnffTrd lo be apjamTi wifely 600 A at T» This is 
clearrj an *jyt*vhp-**t value of the dcctconic it^^t* fixe psih, but with en cstnmted 
agpcjcondactrpg coherence length of approximately 50 A, these vetoes place MgB» woe 
segments 300 -wcO wifein the dam. Emit, winch those sHQod in the art wiD recognize as a 
rxficaficn of high saaipls quality. Th^ ImStato C« snpcro n - nrfraJin g p roperties acch as the 
rfjWj ra ided field and cmical cmrem may be improved by Cm? Judicious addaon of 



{0030] The super - nrafactagg fe nnsannn nanpo atnrc, T« ~ 39-4 K, can be determined Iran 
both tbe imgnrti * juiou and resistivity data shown in figures 4 and S. This value a a fig faj y 
higher than tbe T c — 392 K value detsnaned fin LsotopkaSy puna Mg"Ba» btf is 
ajgntfx'aofly tower That T« — 4Q-2. K for Mg to Ba- The **alng is con*agcnr with an apptDxanata 
80*H natural eht sadanaB of **B» It aboold be noted that the snpe moadnctfa g ttag gi d o D is both 
rxiativcly high and sharp in the MgBj wire segments 300. This means ttal ciflsg very few 
rmpunnes are being inoorpoxatad tntn fee MgBj wire segments 300 or tint what few 
jnapupliq are being mcoi pflratn d are ha wng very EtrJecfJecton es*her resuuvity or T*. 
voftheu 
on i ii ^j 

[•031] Tbe feanpeqiw dependence of tbe iqyp^ 

figpra 7. For each fields d im e data potass aze shown. The thre e daya poim are onset 
Qdp/dT.e 

□ Mg^BzS 
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(0032) Tvrr^a^ro&gsint^i^^^c^aadaatca^a^^ The open 



thcerniri tt drrraa^wjBage 

andappBed field >ohie* The filled ST^Kjf^nx3tsd^sie^Ms'ACS,mJ t va^ 

a bo?* by application of ticBcaxmod=L Thctaijpcottnr values 

3atEac404, IOKc 
fflnstrated at fine 40fc\ 15K a 




BZBgBZKiiilfyiDttS&ated«tIzcB4l6w The rfasbrd lines connect data s 
■q q pcBte c. ThccfeeaiB c asiB ttmem cfV'^lmdiedtoTata^ 
Afao* due to resistive beating fion the leads mdad in feMgB»vdre segment 300 and 
contact resistance. As em be seen, &e CK&apoIatkxo of tha directly meaaaedVfew JLdsta 
«nd &r Baa-niodd-IsJiared, bigb (to rracui tip nxxkralciy ^eO. fa comparison to das 
data for a steed pen* of Mg"^ Cor fibs MgB» wuscsjnees 360 bimajpy 
two Mgbcr at low fields «nd trmpgnmrcs and over an onto of magnitude tvghrr «t h^jh 
fields. 

10033] A steplc tsctmrqoc of >JH*Wng low rerbtrvity, high dggsfcy. high T, MgBa fa 
wire, tape, ax £la farm via exposure of borun fQamciAs, tape, or f h n tD Wg vxpor has beeo 
i*' w i lle d. TliegesiddagMgB, wire lias a^sujuiua^ 

a of the ft m^ w , i ah re dependent rcsstiviyievcal dm MgBi it highly 
n das sotmat state. The room tempentare teaasovfay has a valne of 9.6 pOhm. 
cm whereas die resstxvityata tempeestmc of 40 K is 0-38 uOhm-coi. This means that even 



ccmparcd wim *c teastrvny of NbjSa. wbkij has 8 roistiviiy v*hx of 1 1 pOnta-cm al a 
triiHrritiire of2gK^arettilivity vajw of SOpOi a iKmsga tan yqnaeof 300K 
[D034] TheMgBjwiresc 
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cnnog limber*,, and micnx h > \nmi\r. ccccits (c^. SQUIDS Of Iaierccnacctt>. Il should be 
noted that horoo Sana nti sod tapes are pro d uce d in a variety of sxes sod of arbitrary 
lenzths aod chat diflfiirffir Tj^Brt^ffur pay iffpm^ dj^EsT^^t *^^*s of Jk^ajB^ vscs or tapes* 
Tbr conversion ofbcio& filaz&saix or tapes into MgBs win or tapes as part cfacaonxjocni 
process leads to the possSaEtj of staple jnaimfacturlng cf Ugh? welgjnylBCH T M wires or 
. fT^rf T i ^' tT f't\^y n.' 1 ? ncmol f*"^ t^* 1 - c i , ^* Addrao naQy, ifae p rocess used in 
caemto^lbeMgBawirroTOyecanbciiicdto tap bcnai connngi pa cirlttea or ofter devices 

[0O35] The foregoing fV^cnptiaa of Tarings cnibodiiixals of the invention has been 



Emit the QTvcuSno to the piecwe m it* »fi tnrots disclosed. Numerous modifications or 
vnriai5c€B»arepoBgbte wligtrt The emhcKfcnrnts <fiscraed were 

c hos en and (lt^c^t^* ! * , to crwjjg Cms ***** iDnst. ajj oB nf IfK pfr" 1 rples *»»"-9»»»t » - »»"*»Ym iwv* *** 

pacfical <l7plV*»TXT. r*^>^ Pfff Of ofrfTm»ry yirTn m ftg urt t&nriKzgtfar invention 

Hiynnfrw* < > 1^w^itKif^*^ ,E f^ 1 WffT raT, ' T ' l M < iTif>rT*r , ns as ese suited to tfce particular oso 
o auttun t late d. AO aacfc inodifkaflsons and va ri ations are wtfm Qs scope of the k rw n d u n a» 
dctcraiii^l^tfaca p paodcdciMiimwto 
they Are fairly, legally, and equitably eatxdod. 
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WHAT IS CLAIMED ISi 



1. A lu ir l l i o d for proJu&cg m. njt&i'irvmm (BborKJe object conpcsmg tbc step of 
ig & boron object vntti g8gped uB> wpcf 8t * p rrdrifa i mo od tune end tanpssmte 10 

form the tnzgnesxuzn diboxvfc object. 

2. The method of daim 1 wherein Tfae magnesium vapor is enclosed in » rrwrioa 
fttJirog the bo r on object xnto the miction wtsrfj 

rcxEwvmg the fimned mtgpi bo cEboride object from flic icacooo vessel z&S 
cooling the mrgrrrBiim cSbondc objocl at a pmtrtnmhicd rate. 



3. The imtiod of thorn 1 
Kafltt COB8JB 1 v i ng tfae step of dcypytfmg the, becoa fihn 00 a substrate mert id the 



boco3 object is * b or ci u fflHi ami sxvf 




950C for » tone of lc&s 



Ann tyy u o jlu 1 wfcJy six fcourt to fumt uiH% u r . w uui tSboride 
7. The iBfttKwf cfrtmm 4 wtrjrni the 
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950C for ■ time ofics* than 



& .A. method fer pnyfanng » m^utsimi 
ibedrag the b oi oa object imp ■ 



ofcjcct connwaang the steps o£ 



cooling 



o dlbondc object at • 



10. The method cfdt&n 9 whcao fee boron object £stero>fihB>tfaenirihfirt 
conqasmg fee step of dtf mu ti ng the boron fihn on a substrate inert to the 



11. The method of dam 10 wherein the buuu fihn his vthacfcscssof 
cod file Step of reacting the bono object wtA Ac 
vapo* for a pted fttM mire d tirac at a prcdctcJOilacd fcai^ic ranee comprises 
it >ta 8pcrangE of appw apB8tc3}y 950 C fiora tunc of 



12. The method of cUna 9 ^Imcia the boron object "p i boron filament and 



12* 



6 of JPgHMP3B88B^ SSOC Ibf 1 t&Q£ of < 
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12 



of Tcadscg the boron 
u a tanpcnttnrc of approximately 950C fijr ■ ti me of lessihan appnrrimitely six 



J 5. t*k^ w^^iftAnyrfTttf wbenou ihr^wpp Sgpofl ft*? ^ iTin^" 

g a ptedcmromsd time end tTrryrrxmre coccposcs the Sttp of rcscrlpg Ac boron figment «t 
a tm ycia ime of i^uuxiimicly 9S0Cfcr stcoe oflesaifaaa appro* in iHfcfy fifteen boon to 



boron b in cases of ! 2. 
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23. Thame±^alt3t^72^hcmtic<^alydit t tap^mi^£$iQbas» 
or thkkaetj, aud ^ herein the step oTbczXhig the inrrt tube to ^xuxi ro*tdy 9S0 C foe » 
ymlgtemiiaad time to Tana the magnesium diboridc otgect com^Ihm fbc Step of bealfag g 
ism fcjfeetod^nojjim«!r^f 950 C feoneof a^tcdnmdy oceb^boarfaadiamefca-a- 
ttai X. r.ia of otic ncicrtuncttz, ayjamirmttcly two fcoozs fx n rfi»Tn^t»f or tT qcfrr" - "* of ok 

I mdrcd nifjnmMWt , 1r« ih*n ^ pm»tin»ly Ty q» hmrr« far * ifjarp^ftr ofdlte 
fmivfra ferty to t&tQ Iwmrf^irf na m IPOB^ Bodies dum fifteen honu for ■ (Ejsncta ox 
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